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To the Editor,

 {#all13682-sec-0001}

Nonspecific lipid transfer proteins (nsLTPs) are relevant food allergens. They have a compact 3D structure, with a hydrophobic lipid‐binding cavity.[1](#all13682-bib-0001){ref-type="ref"} It seems that the complex with a ligand can affect protein allergenicity.[2](#all13682-bib-0002){ref-type="ref"} Recently, we have shown that the binding of oleic acid (OLE) to the peach nsLTP, Pru p 3, affects the conformation and IgE‐binding activity of the allergen.[3](#all13682-bib-0003){ref-type="ref"} We therefore investigated whether this observation can be extended to other homologous proteins. Thus, we analyzed nsLTPs with different allergenic potential, Mal d 3 from apple (high), Cor a 8 from hazelnut (intermediate), and Hel a 3 from sunflower seed (low),[4](#all13682-bib-0004){ref-type="ref"}, [5](#all13682-bib-0005){ref-type="ref"} and their interactions with 3 fatty acids: OLE, stearic (STE), and lauric (LAU) acids. We extracted natural nsLTPs and produced recombinant Mal d 3 and Cor a 8 using *Pichia pastoris*. Ligand binding of nsLTPs was assessed by ANS (1‐anilinonaphthalene‐8‐sulfonic acid) displacement assay, measuring the decrease in ANS fluorescence. IgE reactivity of nsLTPs, alone or bound to fatty acids, was tested by IgE‐ELISA using sera from subjects sensitized to peach and/or hazelnut nsLTP. For selected nLTPs/ligand complexes, molecular dynamic (MD) simulations were performed to analyze the impact of ligand binding on the protein conformation with a focus on specific IgE epitopes (details on methods and patients' data are presented in the Supporting Information).

The different natural and recombinant nsLTPs were purified and characterized (Figure [S1](#all13682-sup-0001){ref-type="supplementary-material"}). rMal d 3, rCor a 8, and nHel a 3 bound the ANS probe to varying extent (Figure [1](#all13682-fig-0001){ref-type="fig"}A). All proteins showed the lowest preference for STE (Figure [1](#all13682-fig-0001){ref-type="fig"}B‐D) with a maximum fluorescence reduction of 17% for rMal d 3/STE (50 μmol/L). LAU induced a dose‐dependent reduction of ANS binding to all proteins, reaching values at 50 μmol/L of 53%, 7%, and 26% for rMal d 3, rCor a 8, and nHel a 3, respectively. In general, OLE induced a more pronounced reduction of ANS fluorescence, equal to 59%, 23%, and 46% at 50 μmol/L for rMal d 3, rCor a 8, and nHel a 3, respectively.

![A‐D. ANS displacement assay. (A) Fluorescence of ANS in the presence of different proteins. B, C, D. ANS fluorescence changes induced by incubating purified rMal d 3 (B), rCor a 8 (C), and nHel a 3 (D) with OLE,STE, or LAU at different molar ratios (protein:ligand 1:1 = 10 μmol/L ligand or 1:5 = 50 μmol/L ligand). (E‐F) IgE‐ELISA. Effect of ligand binding on the IgE reactivity of human sera to purified recombinant proteins: (E) rMal d 3 and (F) rCor a 8 alone (no ligand) or with ligands (OLE,STE), 6 serum samples. NHS: means of 3 samples](ALL-74-827-g001){#all13682-fig-0001}

Eighteen patients' sera containing specific IgE to Pru p 3 and/or Cor a 8 (Table S1) were tested by direct IgE‐ELISA applying rMal d 3, rCor a 8, and nHel a 3 (Figure [S2](#all13682-sup-0001){ref-type="supplementary-material"}). We used selected sera (n = 6 for rMal d 3 and rCor a 8 each) to test if the IgE binding to the proteins is influenced by the interaction with OLE and STE, chosen as representatives of unsaturated and saturated fatty acid, respectively. Due to its very low IgE reactivity, nHel a 3 was excluded from this analysis. Preincubation of rMal d 3 with OLE significantly increased IgE‐binding (*P* \< 0.05), whereas STE did not affect rMal d 3 IgE‐binding properties (Figure [1](#all13682-fig-0001){ref-type="fig"}E). Regarding rCor a 8, both fatty acids induced an increase in IgE‐binding, but it was statistically significant only for OLE (*P* \< 0.01; Figure [1](#all13682-fig-0001){ref-type="fig"}F).

We performed computational calculations, detecting some differences in the cavity size of the apo nsLTPs: Mal d 3 had a larger pocket size (124 Å^3^) compared to both Cor a 8 and Hel a 3 (106 Å^3^ and 111 Å^3^, respectively). MD simulations were performed on Mal d 3 and Cor a 8 in complexes with either OLE or STE. For both proteins, the inclusion of ligands significantly increased the cavity volume, affecting the protein conformation. As shown in Figure [2](#all13682-fig-0002){ref-type="fig"}, both allergens underwent conformational changes upon OLE binding, especially displacing loop 3 (I59 to N63) of Mal d 3, which moved toward the allergen surface, and affecting the C‐terminal region in both allergens, which is consistent with our previous findings.^3^ Notably, this C‐terminal region has been identified in Pru p 3 as a major IgE epitope,[6](#all13682-bib-0006){ref-type="ref"} thus explaining the increased IgE reactivity observed for the nsLTP/OLE complexes. Interestingly, we observed similar conformational changes for the Cor a 8/STE complex, although to a minor extent, which was paralleled by a slight, albeit not statistically significant increase in IgE reactivity. On the contrary, binding of STE to Mal d 3 did not induce any structural change in the allergen, but rather increased its stability, yet without changing the IgE‐binding properties.

![Molecular dynamic (MD) analysis. A, B. Superposed structures of apo‐Mal d 3 and Mal d 3/STE (A) and of apo‐Mal d 3 and Mal d 3/OLE (B). C, D. Superposed structures of apo‐Cor a 8 and Cor a 8/STE (C) and of apo‐Cor a 8 and of Cor a 8/OLE (D). Apo forms of the allergens are in blue and the ligand‐bound forms in grey (STE) and gold (OLE). The regions in red are those affected by ligand binding; important residues are highlighted. *Note*: The Mal d 3 model used for computations has one additional amino acid, Ala, at the N‐terminus and, hence, the indexes of protein residues discussed for the 3D model are by 1 larger with respect to the sequence reported in Figure S1](ALL-74-827-g002){#all13682-fig-0002}

Considering differences in the allergenic potential of homologous proteins, we should take into account *"the necessity of other matrix component to induce allergenic responses or differences and particularities in the epitope composition*."[7](#all13682-bib-0007){ref-type="ref"} Here, we focused on both food matrix and epitopes. With regard to the latter, the epitope sequences identified in Pru p 3 are well conserved in Mal d 3, but less in the other two nsLTPs, especially in Hel a 3 (Figure [S1](#all13682-sup-0001){ref-type="supplementary-material"}A)[6](#all13682-bib-0006){ref-type="ref"}. This could explain its very low IgE‐binding, as in most cases, Pru p 3 is the primary sensitizer.

Regarding the food matrix, we focused on how the interaction with fatty acids, commonly present in the food sources,[8](#all13682-bib-0008){ref-type="ref"} could affect the allergenic properties of nsLTPs. Consistently with our previous observation for Pru p 3,[3](#all13682-bib-0003){ref-type="ref"} all nsLTPs had the highest preference for OLE, whose binding induced major structural changes that affected IgE epitope orientation, and thus, their recognition by IgE, in both, Mal d 3 and Cor a 8.

Recently, the direct immunomodulatory effect of food‐derived lipids has gained increasing interest. Tordesillas et al showed the adjuvant activity of the natural ligand of Pru p 3 in the allergen sensitization.[9](#all13682-bib-0009){ref-type="ref"} Summarizing the recent findings, including our data, it still remains to be fully elucidated whether lipids alone or in complexes can activate key players of both, the innate and adaptive immune system within an allergic response.

In conclusion, this multidisciplinary study analyzed for the first time the ligand‐binding capacities of Mal d 3, Cor a 8, and Hel a 3 and confirmed that these individual homologous allergens display different, higher and lower, IgE‐binding activities, due to differences in their epitope structure.

Furthermore, the volume and structural properties of the ligand‐binding cavity of individual nsLTPs are critical for their ligand‐binding activities. Upon ligand binding, the accessibility of these epitopes changed. Taken together our data provide molecular evidence how ligand binding to nsLTP affects IgE‐binding activity.
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